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<57) Abstract 

Adevice of dynamic —icauon Of i„fo™^^ 

code set or a partial response decoding recewer. A stream of k or *+' data biB « ^ f„„her encoded, so that a 

corresponding signal constellations forming transmission symbols. Two ^~ example, maximum likelihood 

symbol is si^ead across the two or more symbols being _ "^^u "^^c^^ comP"t n8 ^^P*'^^"^^^^^ of a considered 
.^hniques.^Jnformed by ^^^^^^sl^T^^^^^ ^^^ Str^e cSSn «l^tion. sequence estimation 
sequence at the receiver is weighted by the inverse or ine noise power, n u«.aiio 
and noise estimation be peiformed continuously and dynamically. 
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FRACTIONAL-BIT TRANSMISSION USING MULTIPLEXED CONSTELLATIONS 



RELATED APPLICATION 

This patent application claims the benefit of the filing date of U.S. Provisional Patent 
Application No. 60/106,481 filed October 30, 1998 and entitled CONSTELLATION- 
MULTIPLEXING CODED MODULATION AND OPTIMUM RECEIVER, the entire contents 
of which are hereby expressly incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an apparatus and method for commimicating information using 
fractional bits-per-symbol signaling rates responsive to communication channel conditions. 

2. Description of the Relevant Art 

There exist applications for which it is desirable to transmit transmission symbols that 
eachiscomposedofanumberofinformationbitswhichmaynotrepresentaninteger. Thesignal . 
constellations associated with such transmissions symbols, then, corresponds to 
non-power-of-two constellation sizes and/or non-integer constellation sizes. 

What is needed is a device that affords fractional bits per symbol digital communication 
approaching a maximum allowable bit rate yet does so in an efficient manner permitting use of 
compact code sets, or use of a partial response receiver. Before proceeding with a description of 
exemplary embodiments, it should be noted that the various digital signaling concepts described 
herein-with the exception, of course, of the inventive concept itself-are all well known m, for 
example, the digital radio and voiceband data transmission (modem) arts and thus need not be 
described in detail herein. These include such concepts as multidimensional signaling using 
2N-dimensional channel symbol constellations, where N is some integer; ttellis coding; fractional 
coding; scrambling; passband shaping; equalization; partial response: Viterbi, or 
maximum-likelihood, decoding; Quadrature Amplitude Modulation(QAM); Orthogonal 
Frequency Division Multiplexing (OFDM),etc. 

SUMMARY OF THE INVENTION 

The invention herein provides communication devices affording non-integer bits per 
symbol digital communication at bit rates approaching optimality for a given set of constraints, 
using a compact code set or utilizing partial response receiver. In general, the devices which 
embody the present invention, can include a transmitter, a receiver, or both. These devices 
manipulate arriving data from a data bit form to a transmission symbol form in a data 
transformer, advantageously using knowledge of one or more data channel conditions to 
dynamically and continuously adjust the constellations used to represent the tiansmitted data. 
Successive transmission symbols each can contain a varying number of date bits, as governed by 
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a constellation selection controller that is connected with the data transfonner. Successive 
symbols can be transmitted at differem time stamps or at different frequency locations A 
performance metric estimate can be used to determine which constellation is to be used A 
receiver using a sequence estimation technique can optimally decode the received signals given 
the condmon that (i) the soft-decision symbols at the receiver are correlated through the 
employed channel coding and/or through the introduction of defined partial channel response 
and (n) there exists knowledge of the signal-to-noise ratio (SNR) metric of each soft-decision 
symbol. Havmg these techniques, a transmitter, for example, can transmit on the average non- 
mteger information bits per symbol, say between k and with the multiplexing of a first 
constellation, representing k bits per symbol, and a second constellation, represeming A+/ bits 
per symbol, such that the desired non-integer information-bit-per-symbol transmission is 
achieved. It is desired that such multiplexing be done continuously and dynamically 
Furthermore, the digital communication facilitated by the invention herein is not limited to 
temporal sequence transmission (i.e.. the time domain) but also can be used in the frequency 
15 domain, or both. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an block diagram illustrative of an exemplary embodiment of the present 
invention. 

20 Figure 2 is a block diagram illustrative of a first exemplar embodiment of the presem 

invention, in the form of a transmitter. 

Figure 3 is a block diagram illustrative of a first exemplary embodiment of the present 
invenuon, m the form of a receiver implementing sequence and noise estimation. 

Figure 4 is a block diagram of another exemplary embodiment of a transmitter illustrative 
25 of a trellis encoding implementation as an option. 

''^S^^^^'s a block diagram illustrative ofa exemplary transmitter embodiment intended 
for single symbol encoding. 

Figure 5b is a block diagram illustrative of a exemplary transmitter embodiment intended 
for multiple symbol encoding. 

30 Figure 6 is a block diagram of another exemplary embodiment of a receiver illustrative 

of an implementation of demodulation, sequence and noise estimation. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

The present invention provides for processing communication data using a number of 
35 information of data bits per transmission signal, which may be a non-integer, with realizable 

mtegerorpower-of-twoconstellationsizes. Aforward error coiTection(FEC) code withaproper 
code rate can be added such that the information bit rate could ftirther be adapted to a signal 
constellation size that is an integer or a power-of-two. Depending on the required resolution of 
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rcr^::^-— ^^^^^^ 

designs and cornmumcanon protocols. In the l^^,, 

necssa.,. the desi«d ^solution on the ^^''^.^J^Tj^co^. a pre-defined 
acconmiodated through the use of a sequence estimator at .ts receiver to 

response fonned for the soft-decision ""^^"^^ ^ 

one appHcation for .hich t:«nre r.^htL™^imu.na,^^^^^ 

^^rrire^rrrate. B,ao.gso,non...eger— on.tspers^ho, 

rr^^hereh^theterntchanneUoi^wiU ;nc,udeaddUive whUeC^^^^ 
coloredOaussL noue, ort«.h;scintiUation noise; sho,a^di»pu,s,n.^^ 

attenuation; signal fading and dtstonion; interference such ^""^^sign^l 
stream due to one or more channel conditions. ,«„troller 5 and can' be 

output data stream 3 can be the recovereaoaiao .i„ domain but may operate 

tralnitter. Device 1 is not consuained to operate solely m '^""'^^^''LcL where 
in other domains including, for «tample, fret^cy domatn. Also dev^« 1 op«. 
data is both transmitted and rieeived in boa. tin., and ireque^^^^^^^^^^ 

According to-the presem invention, the number of "^"^^^ 
symbol is selectable, responsive to the ctannel eondiUon 
bits in a transmission symbol is governed by controller 5. It .s desired that the 
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bv t«V°T"" ' """" ""'"'^ - and proceed 

by data ttansW 4. b. a pr.s=lec«d cha™,el condito meuic. Dci^blc m^^rfor 
^«^ma«o„ of chann., c„„d,uo„ include ,he sig„al-.o-„o,se .,io of .he IZ 
Of U,e noise in a .^eived sy„bo,. The desirable „e,ric m.y LZt 
r««,c«d by preselected co„s«i„« such as, for example, a bi, e^r rate (BER, Da,a b 

^17 T""™" '° " "^"^ » SNR of fte .eceiled sig^ 

receiver. I, also ,s desucdiha, channel suue monitoring be continuous, and .ha, selecion of A. 
nu.beroJ^da..bi.us^^ 

deschlTdtr'^f'*''"'^"''"'"''^""""'^''''™'"'*"^^^ 

controller 18. Daatransfonner 'Jo™ include bi, parser 1 3, e«»der and consttllaliontnapper 
17.and«„on.ablel6.Constellation selection conoollerisemploysconuoirr^: 

nrb^MTl"" can 8ovemU,e section Of, he 

1 ^ r ""^^ "P-""" "f -d mapper 1 7. con^lt 

In Figure 3, receiver 24 includes a noise estimator 28. a sequence estimator 26 a 

ST^r " " ^ ' • ^ ^ P^'e|.to.~nver;; 

^1 ^ '^'r^' ■^fo™- 29. Which can include estimator 26. table 34 

and converter 36 ,s fimctionally equivalen, ,o data transfomter 4 in Figure I Althouah n!i J 

es.nnator28isiUus.,a«d,ob.e«en^.odauuansfo,n»r29.ye,„iJr^^^^^^^^^ 

""^ ^ "--al » receiver 24. „ is de^^TeZ 

s.gnal-to-no,se tatio or strength of received symbol and noise 25 

or n^.^fh'^'^""'^'"'''^'^ ^'S""" 25 areknovvntobeoorntpw^ 

''"■^^ '^«"-«" 28 is employed to quantify Z 

^r 26 sud, Uta, a t^nably good estoate of the transmission sym J originally 
^nsmttted to receiver 24 can be d«ived. Although one skilled in Ute an would recogniL Aal 
many .mplementafons of received signal estunadon can be used ,o effec, recov^ oft 
— ed s,^, the skilled practitioner also would reali« *at it is desirable J^pty^ 
n~ ItlcelAood sequence estimator (MLSE) as sequence estimator 26 in receiver 2 fo 
optmuzed data recepuon. On. such MLSE can be reahzed with a Viterbi d«:oder. A MLSE 
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WpicMly is used for decoding a convoluUonal code, a ttellis code, as well as received symbols 
T,!l!^al^oor«e and L be advantageous In U,e presence of channel no,se such as 
^ TtS^cT Tdeeoding a constellation- multiplexed (CM) stgnal. such as 
':3^"a ML E 1 talce advantage of the SNR infonnation of each syn*ol at the 
:^^aI;nLuce a maximum likelihood estimation of CM signals that can approach 

"''"Irns^UationseleeUoncont^ll^Jicanassigneachteceivedsymb^^ 

anapprop.a,econste„a.ion™apping.andits.^ia.^^^^^^^^ 

on the assigned constellation mapping, not only does me Muac CO p f 

LtXmhol accordingly, it also can scale the branch metrics — g 'o the n^n^t™ 
Z^Ldestimationcriterion Mabove.constelladonselecUoncontr„lter31 duec^^l^^^^^^ 

111 convener 36 to output eor^sponding data bits in e«* symbol, t 
^Ionization to be establidtedb.tween.he constellation selecuoneontroU.rofatransm.ner 

andth.constellatfonselectioncontroll«ofa«>rr=spondingrec«ver ^ 

: A«,te .x«nplaiy «nbodima.. of A. presa.. .nven..on. m the form o 

25 incoming data bits 42 mto bit vectors 43. It is desirea xnai f 

30 symbols 50 by way of constellation mapper 47. .^^^ 
Constellation mapper 47 can employ constellation table 48 to map 

=r:-:n::ra:rc:==r^^^^ 

„_.yg„ver^enu.b«of^^^^ - 

" :^r:s^isr.:::erta::oL%«»dsigna.co„s.ii.^^ 

'*'"NSr:l«..«ionn.app«47canmapv.c.ors43dire..,yfton.bi.p.rser41. U,U.s 
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c«e *e sy«™ ,s ar, u„cod«d one, and no correlation n,ay be imposed on transmitted symbols 
The c^n^UBons wtll be imposed on recetved symbols at its receiver by forming a pre-drfmil 
^^dresponseforther^eivedsym 

.oemployencoder45,b.,pa,s.r4r firs, direets the bit vector to encoder 45. Encoder 45 imparts 
a pr*-detemm,ed correladon among data, in this case, between successive output vectors 

mb,tvector43fto,^b,tparser41,such that .he average transmitted bits^ 

*e desn«. constellation size based on the number of bits to be tralitted via the 

signals 52 better su,«»i for a particular .^.amission fotmat, modulator 51 may be used 

Tr^" ^ «>°«-«- ^■"bob can be t^n^tted at differem Ume stamps! 
or at different frequency locations, or both. 

AsinpreviousembodimentsofthepresentinventionconstellationselectioncontroIler49 

IS desued to be responsive toasensed channel condition54;ortoamastercontrol53 which may 
be external to transmitter 40, for example, from a corresponding receiver 

The optional trellis code used in a system according to the invention herein could be a 
I2iT^ r ' 5(a) shows an encoder 50 that implements 

toe data bits 53 through, for example, a convolutional encoder 54. Constellation mapper 55 
converts the encoded data bits 53 and uncoded data bits 5 1 into a transmission symbol 56 in the 

T^J^^TT"""!""""'- ''^"^ '"^^'^ ^'^^ 60 implementing an 

-symbol trelhs code, m which A or A^I input data bits 61 arrive corresponding to a single 
transm^ssxcn symbol w,th m symbols 67 being buffered in symbol buffer 62 before beL 
«,coded. Among these input bits of the « transmission symbols 67, c data bits 65 are encoded 

^ J . ? K ' '^^P''' ^'^"^ ^•^'^^ "^-y convolutional encoder. 

T^ese c data bus 68 are combined with uncoded data bits 64 and are mapped in constellation 
xnapper 63 mto m consecutive transmission symbols 71 in preparation for transmission. Note 
that the m consecutive transmission symbols do not necessarily use the same constellation 

78, demapper 79. constellation tables 80, parallel-to-serial converter 81, and constellation 
selection controller 82. Demodulator 76 recovers received soft-decision symbols r 83 from 
received signal 84. which signal 84 contain the original transmission symbols 92"from tiie 

■ ^-bols 92 may be transmitted in 

signal 84 at different time stamps, different frequency locations, or both. In the case where the 

demcxlulator 76 forms a partial response on the received symbols so that a defined correlation 
which may exist between received soft-decision symbols r„ 83, can be utilized. It is desirable 
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♦ ^^rrir M with each soft-decision symbol 83; 

I„ general, it i. desirable for 

^ //^ \ At its output such that en:ner 
find a sequence ^-.J ^^J^^"^^,^,^^^^ distances is minimized: 
following noise-power weighted Euclidean 

'4- 



or 

20 L 5^ 

where 

each flj^ € {aj „} ^ 4« 



25 



30 



35 



m is a symbol index; 
k is an alphabet index; 

k is the decided alphabet index; 

A is a set of alphabets used for symbol «; 

fit 

N is the estimated noise power associated with symbol r.; 

fVI 

SNK i= associated with the symbol r, ; and 

. is the average si,nal power associated with the alphabet 

" Iff 

set used for r„ . 
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a recovered .y^bo, 86 o:,o rdITi vr„;riTT^^ 

successive symbols Table. 80^,.,, °' """y ^ 

clemapper79 andp^le toTen! "° demodulator 76, sequence estimator 78. 

™o,eoLr:jitrrc:^rcr:r,r~^^^^ 

as using a OAM tecZT V '^.^^^"^ ^^"''^ «=hannel at different time stamps (such 
(suchasusTalo^D^^^^^^ 

Zo satelirioll transmission, cellular mobile radio, digital microwave 

<lxo. satellite commumcattons, w,re communications, wireless communications, and the like 
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The foregoing merely illustrates the principles of the invention, and it will thus be 
thafthose skilled in the art will be able to devise various alternative arrangements 
Z::::^:^:^ -bod^ the p^n^ples of the mvention wUhin 

the spirit and scope of the following claims. 
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CLAIMS 

1. A communication device for communicating data through a data channel th. 
communication device comprising: gn a oata cnannel, the 

a- a data transfoimer for manipulating the data between data hit. «nH 
t~ion symbol, the transmission symbol containing a selectable n^ber of L 1^^^^^^ 
and the data transfonner being operably connected with the channel; and ' 

b. ^controller for determining the selectable number ofdata bits constituting 
th. transmission symbol, the controller being comiectable to the data transformer ri^ot 

iranstormer bemg responsive to the controller. 

on. dau symbol. Ae daa symbol havng U« selectable number of dau bits tepresented therein. 
ani™,L ^™='°'™7'""°°''=""0f=Wm wherein the transmission symbol comprises ' 

::rr,rrpt':rr°^"— 

number' fH J^^^'^'^'^'^^" '^'''''^ ^ ^^"""^^ '^^"^^^^^ 

cZv I , P^"^'^ ^^"•-•^ - the response to the challe 

condaion^^^^ 

pattern being representative ofa preselected signal constellation. aeteimmed 
5. The communication device of claim 4 wherein the data transfonner selects 

recrarrtir"'"^^^"^'^^ 

selects a oredeterT^'T"" ' "^^'^'^ t^^f°"»«' dynamically 

selects a predetermined correlation between successive ones of the plurality of data symbols in 

the response to the contro,ler,the controller being responsive to the channtli^^^^^^^ 

selects a nrede?' ^^^''^^ ^^^^^ 5 wherein the data transformer continuously 

selects a predetemimed correlation between successive ones of the plurality of data symbols in 
the response to the controller, the controller being responsive to the channel co lu 
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8 The communication device of claim 5 wherein the data transformer selects a 
predetennined correlatioii between successive ones of a plurality of transmission symbols m the 
response to the channel condition, according to a preselected codmg method. 

9. The communication device of claim 5, wherein the preselected coding method is 
constellation-multiplexed coding. 

10. The communication device of claim 8, wherein the preselected coding method is 
constellation-multiplexed coding. 

11 The communication device of claim l , wherein the channel condition comprises 
at least one of received power, signal-to-noise ratio, and an input from a master control. 

12. The communication device of claim 1, wherein the controller is responsive to the 
channel condition in a preselected domain. 

13 The communication device of claim 12 wherein the chamiel condition comprises 
at least one of received power, signal-to-noise ratio, and a control master signal. 

14. Thecommunicationdeviceofclaiml2,whereinthepreselecteddomaincomprises 
one of a time domain and a frequency domain. 

15. Thecommunicationdeviceof claim 13, wherein thepreselecteddomaincomprises 
one of a time domain and a frequency domain. 

16. Thecommunicationdeviceofclaim 1 3, whereinthesignal-.to-noise ratio comprises 
one of transmitted power, channel attenuation, noise, and interference. 

17. The communicationdevice of claim I, wherein the number of dau bits is at least 
one of a non-power of two and a non-integer. 

18. The communication device of claim 17. wherein the transmission symbol is 
representable by a plurality of symbol constellations. 

19 The communication device of claim 8, wherein the communication device is a 

transmitter, the data transformer imparts the predetermined correlation ^^-een the ^^^^^^^^^^ 
onesofthepluralityofdatasymbols,thenumberofdatabitsisatleastoneofanon-poweroftwo 

T a l intege!. the transmission symbol is representable by a plurality of symbol 

r 
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constellations, and the preselected coding method is constellation-multiplexed coding. 
20. 

comprises 



20. The communication device of claim 1 9, wherein the data ti^sfonner fixzther 



th. I ■• t'. ^'''*P^^'^°'"^''°"P'"8 the selectable number ofdata bits into the ones of 
the plurahty of data symbols, the bit parser being governed by the controller; and 

intothe.r ^^°"''^"^''°"'"^PP^'f°'"^PPingtheonesofthepluralityofdatasymbols 

controller bemg responsive to a channel condition. 

interoosL h 1^ ^^^^T^^^io" ^-ice of claim 20, ftmher comprising an encoder operably 
1 " constellation mapper, the encoder encoding in the 

TcwtZ^.^'^"^^"^^^^^^^^^ 

encodef ■ ^^^ice of claim 2 1 wherein the encoder is a convolutional 

23^ The communication device of claim 20 further comprising a bit buffer operably 
^dwtththebitparserandtheconstell^^^^ 

imemn!i K ^«^»<=« °f ^^'^^ 23, further comprising an encoder operably " 

nterposed between the b.t buffer and the constellation mapper, the encoder encoding in the 

25. The communication device of claim 24 wherein the encoder is a convolutional 



encoder. 



receive^^H . <^^i<^ of claim 8, wherein the communication device is a 

tt^former detecting the predetermined correlation between the successive ones of the plurality 

°s a?^ r """'^^ ^^'^^^ ^'^ ^'^-^"y' of data bi^ 

at least one of a non-power of two and a non-integer, and the preselected coding method is 
constellauon-multiplexed coding. • 
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^ A^Mice of claim 26 wherein a received signal includes a 

27 The communication device or ciaim zo, 

,™..Ln symbol and noise imposed ■he.upon. and .he da. — e, fimher 

comprises: ^ operably com«c.ed wiU, fte data channel and governed 

noise from the received signal, extracting the transnuss.on symbol thereby. 

28. Thecommunicationdeviceofclaim27.whereinthesequenceestimatorcomprises 
a maximum likelihood sequence estimator. 

29. Thecommunicationdeviceofclaim28,whereinthemaximumlikelihoodsequence .. . 

estimator comprises a Viterbi decoder. 

J • f ->8 wherein the data transformer further 

30. The communication device of claim 28, wherem tne a 

sequence esUmalor aid governed by the controller. 

„ Tl»communicationdeviceofclaim26,whereinthereceivedsig.^isamoduUted 
^ ^.'slgTald ^beteln .be data ttansTotmet 

the modulated received signal. 

32 •n»ecommunicationdeviceofclaim27whereinthesequenceestimatoremploys 
softKlecision decoding to detect the predetermined correlation. 

33 The communication device of claim 32, wherein the received sigr^l has a trellis 
33. me commum coft-decision decoding includes finding a path 

encoding superimposed thereupon, and the soft decision a t .^e 
through the trellis encoding with a minimum-weighted-squared-Euchdean distan 
transmission symbol from the received signal. 

J • c -.io;rrv 11 wherein the demodulator further 
34. The communication device of claim 31, wherem me 

performing a correlative-level decoding. 
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r««iv of ^Wm 38, wherein the coinmunicarion device is a 

by the cont^lL f " ""^"^ governed 

by the controUer, fore«„„a,mg a «,ise metnc a.««:ia,ed with the „a^ssio„ symbol, and 

governed bvtbl»n» TT' ""'^^^ ""i™"" and 
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43. The communication device of claim 42, wherein the demodulator further 
performing a correlative-level decoding. 

44. The communication device of claim 43, wherein the coaelative-level decoding 
includes a partial-response decoding. 

45 Thecommunicationdeviceofclaiml4,whereinthepreselecteddomaincomprises 
time domainand frequency domain; and wherein the transmission symbol is modulated usmg an 
orthogonal frequency division multiplexing technique. 

46 The communication device of claim 1 5, wherein the preselected domain comprises 
time domainandfrequency domain; andwhereinthetransmission symbol ismodulatedusmgan 

orthogonal frequency division multiplexing techmque. 

J 5 47. A communication device comprising: 

a a variable bit rate data to symbol u-ansformer; and 

b. a controller for selecting a bit rate in response to a condition. 

48. A data communication method, comprising the steps of: 

20 a. sensing a condition; th«. 

b. determining a desired variable bit-per-symbol transmission rate responsive to the 

condition; 

c transforming data reversibly from data bits to symbols; and 

d. communicating the symbols at the desired variable bit-per-symbol rate. 

25 



30 



35 



-15- 



This Page Blank (uspfo) 



wo 00/27085 



PCT/US99/25363 




This Page Blank (uspto) 



wo 00/27085 



2/6 



PCT/US99/25363 



CM 




r 



1 








•1 


1 

1 











1 



I 



JU 



1 



SUBSTITUTE SHEET (RULE 26) 



This Page Blank (uspto) 



PCT/US99/25363 

WO 00/27085 



to 

ua 




SUBSTITUTE SHEET (RULE 26) 



This Page Blank (uspto) 



wo 00/27085 



4/6 



PCTAJS99/25363 



lii 
Ll. 




SUBSnrUTE sheet (rule 26) 



This Page Blank (uspto) 



wo 00/27085 



5/6 



PCT/US99/2S363 




SUBSTITUTE SHEET (RULE 26) 



This Page Blank (uspto) 



PCT/US99/25363 

WO 00/27085 




SUBSTrrUTE SHEET (RULE 26) 



This Pag© Blank (uspto) 



INTERNATIONAL SEARCH REPORT 



■ ^"'^ n^^.^ ^^"'^'-"^ . 

IPC 7 H04L 

XLIII. ll'ITI 



rv>rtiiglffaCOM8ID6REDTO 



BERELEVAKT 



Catsgofy* 



^„pcopi1ato. of m» i^art P«»^ 



us 5 185 763 A (KRISHMAM VEDAVALLI G) 
9 February 1993 (1993-02-09) 

column 2, line 23 - line 29 
column 5. line 36 - line 39 
column 5, line 44 - line 45 
column 6. line 65 -column 7, line z 
column 7. line 12 - 1^"^ 18 
column 8, line 5 - 11"® 
column 10. line 37 - 
column 11, line 4 - IJne 19 
- column 29, line 59 - line 63 
figures 6A,6B,9,10 



24 Februa ry 2000 

T^7^7«j32S3aO.Tx.31651.po* 
FS:(«31-r«)3«-»1« 



I NO. 



1-33, 

36-42. 

47.48 



34,35, 
43-46 



m 



PMHamByt 



(tolodhamBt 



02/03/2000 



Farese. L 



page 



INTERNATIONAL SEARCH REPORT 



C<toOOfy< 



Cltaiionofdoc»jT»witwthWk^ 



TO BE RELEVANT 



lApptieolionNo 

PCT/US 99/25363 



<Ppiopjtai«, of me mJsvani 



paaaages 



fEJfiS?M?^^^^'^^"CAN telephone & 
abstfJJt "'^ (1992-06-17) 

figures 1,4 
page 3, line 20 - line 21 
page 6. line 55 - line 56 

US 5 598 435 A (WILLIAMS RICHARD 6 C) 

column 1, line 43 - line 57 

CO umn 2, line l - line 4 

CO uinn 3. line i - liJe 5 

column 3, line 64 column 4, line 4 



34,35, 
43,44 



45,46 



p«mPCT(iaA«io 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



lfitw..^on«l Applied" MO 

PCT/US 99/25363 




